Introduction
During the first year of life, appropriate feeding practices are essential for the full human potential development of every child (1) (2) (3) . However, complementary feeding practices are characterised by the low consumption of fruit and vegetables and high consumption of ultraprocessed foods that are high in sugar, saturated fat and sodium and low in fibre (4) (5) (6) . The consequences of these unhealthy diet patterns are related to some undesirable outcomes, even during childhood, such as being overweight and obese (7) , hypertension (8) , cardiovascular disease (9) and dental caries (10) . Children's food preferences are strongly associated with their consumption patterns; thus, from the earliest age, they have plentiful opportunities to sample a variety of healthy foods and appear to have healthier diets throughout childhood (11) . Furthermore, the beginning of life is a critical period for developing healthy eating habits (12, 13) . Evidence suggests that early-life interventions may play a role in modifying dietary patterns and promoting healthy food choices throughout life (14, 15) . Based on World Health Organization ( ¹ ) guidelines for breastfeeding and proper complementary feeding, the Brazilian Ministry of Health developed the 'Ten Steps for Healthy Feeding from Birth to Two Years of Age' (16) . Our previous studies implemented this national policy via a randomised trial that included dietary counselling given to mothers during home visits. The intervention significantly improved breastfeeding and complementary feeding outcomes (17, 18) , the lipid profiles of school-age children (19) and the incidence of caries at 12 months and 3 years of age (10) . Although these previous studies measured the efficacy of providing mothers with counselling on child feeding practices (17) , a subsequent study was conducted aiming to investigate the impact of the same dietary guidelines in a routine clinical setting. Therefore, a cluster-randomised trial was initiated at healthcare clinics. The initial results showed better exclusive breastfeeding rates and introduction of healthy complementary feeding in the first year of life (17) . As a continuation, we aimed to evaluate the impact of a primary health care intervention on infant feeding practices using the Infant and Child Index Feeding (ICFI) (20) . In addition, we also assessed the timing of introducing nonrecommended foods to infants.
Materials and methods

Study design and participants
The present study comprised a cluster randomised controlled trial conducted in Porto Alegre, South of Brazil, comprising 1.4 million inhabitants. The trial included health centres that are part of the National Health Care System in Brazil, which provides free healthcare. The families enrolled in these services are predominantly of low-income status. Of 52 municipal health centres, 31 met eligibility criteria for the trial (Fig. 1) . Exclusion criteria were: ≤100 infant patient visits in 2006, staff-sharing between clinics or participation in other contemporaneous, community-based dietary programmes.
The initial sample size for the trial was based on the aim of detecting an impact of the intervention on the duration of exclusive breastfeeding. Six hundred motherchild pairs would be needed to detect a 40% frequency of exclusive breastfeeding up to 4 months of age in the intervention group (17) , a 25% frequency in the control group (90% power and a of 0.5) and a design effect of 1.5. Seven hundred and twenty pregnant women were enrolled to obtain the required study power, accounting for an anticipated loss of 20%.
Following staff training at the intervention sites, interviewers visited the health centres of both groups (intervention and control) from April to December 2008. Pregnant women in the last trimester were identified, and they were invited to participate and were enrolled in the study as potential mothers to receive the dietary counselling provided by the health workers. The participants answered a questionnaire about their socio-economic status and expected due date. Addresses and telephone numbers were obtained to schedule subsequent home visits. Births from May 2008 to February 2009 were included in the study. Women reporting a positive HIV test were excluded because of concerns of HIV transmission via breastfeeding.
The study was approved by the Ethics Committee of Federal University of Health Sciences of Porto Alegre (UFCSPA). This study is registered on the Clinical Trials.gov website under the identification number NCT00635453. Mothers provided informed consent on behalf of their children.
Randomisation and masking
The randomisation process took place in the university research office. Of the 31 eligible health centres, 16 were initially selected via a witnessed drawing, by the principal investigator, by labelled markers from an opaque container. Accordingly, two health centres would be included from each of the city's eight geo-administrative districts. Following a stratified randomisation scheme, health centres were block-randomised by district, with one health centre per district allocated to the intervention and another to the control group. To increase statistical power, four additional health centres were randomly drawn from the original 31. Health centre size differed to maintain a balanced number of births by intervention group. The additional four health centres were block-randomised at a ratio of 1 : 3. This yielded nine intervention and 11 control group health centres. The 20 health centres coordinators were invited to participate without disclosure of allocation status, and all consented.
Intervention
Physicians, nurses and administrative staff in the health centre treatment group participated in training, in January 2008, based on the 'Ten Steps for Healthy Feeding for Brazilian Children from Birth to Two Years of Age' guideline (21) . In summary, the nutrition recommendations are to: (i) provide exclusive breastfeeding until 6 months of age; (ii) continue breastfeeding until 2 years of age with the gradual introduction of complementary foods; (iii) start complementary feeding (grains, meat, fruits) at 6 months of age, three times daily, at the same time as continuing breastfeeding; (iv) serve meals at regular intervals, adjusted to the child's internal hunger cues; (v) ensure that new foods are gradually made thicker until the child is able to eat a normal family meal, although foods should never be liquefied; (vi) offer a variety of healthy foods every day; (vii) administer daily intake of different fruits and vegetables; (viii) avoid sugar, sweets, soft drinks, salty snacks and processed/fried foods; (ix) use good hygiene practices for food preparation and handling; and (x) present appropriate, responsive feeding when the child is ill.
A standardised training session was conducted by an experienced nutritionist for the healthcare team to outline the 'Ten Steps' recommendations and strategies and to incorporate these into follow-up consultations. Printed materials containing the guidelines were provided to the health centres as a source of information by the professionals, as well as via a link on the Brazilian Ministry of Health's Nutrition Department website. Health staff members received a pocket guide for use during the appointments and waiting room sessions. The research team were not involved in the appointments at any time in the study.
The health workers received two printed materials, as developed by the main researcher, which were delivered to mothers during the follow-up consultations. Both materials included illustrations to facilitate the explanation provided by the health workers. The first one was a flyer that mentioned the 'Ten Steps', suggesting to mothers that they should obtain more information about it from the health workers. The second material was a leaflet that included detailed messages about the guideline. In addition, two colourful posters were provided for display in the healthcare centres waiting rooms, with (i) information about introducing complementary food, the number of meals and food scheme and (ii) colourful images of foods that should not be offered to children under 2 years of age (such as biscuits, coffee, jelly, salty foods, candy, soft drinks and snacks). The two posters remained in the clinics after the intervention.
Control group
Healthcare centres randomised to non-intervention groups continued their routine assistance without the interference of the research team. No material was provided to these clinics.
Data collection
Trained field workers, who were not involved in the intervention and who were unaware of group allocation, conducted maternal interviews using questionnaires at baseline (in pregnancy), during home visits at 6 months (range 5-9 months) and at 12 months (range 11-15 months), After the data were collected, the information was confirmed via telephone calls made to 5% of the mothers surveyed, who were selected randomly. All field workers received theoretical and practical training on data collection, which took an average of 8 h. Birth date, sex, birth weight/height and frequency of appointments at the health centres were obtained from the children's medical records.
Dietary data were obtained by administering a multiple-pass 24-h dietary recall. For each child, one dietary recall was collected at 6 months of age and two at 12 months of age, on nonconsecutive days chosen randomly during a period from 2 weeks to 1 month during home visits. Mothers provided information about all foods and beverages consumed by their children during the previous day. Details about food types, amounts and preparation methods were recorded. Common household measures (e.g. teaspoons, tablespoons, cups and serving sizes) were used to help mothers report the amounts of food given to their children and to standardise portion sizes. In addition, at both ages, the mothers were asked how many times their children had consumed meat, fruits, vegetables and beans in the previous 7 days.
The introduction of nonrecommended foods was evaluated using a structured questionnaire in which mothers were asked at what age their infants were (in months) when any of the following foods or drinks items were introduced: added sugar, tea, candy, jelly, soft drinks, filled cookies, chocolate, coffee, petit Suisse cheese, salty snacks and processed meat (ham, mortadella, salami and sausage). These foods are not recommended for consumption before 2 years of age according to Brazilian dietary guidelines (15) .
Infant and Child Feeding Index
Infant feeding practices were determined using the ICFI (20) , which consists of the sum of scores for five feeding practices, based on current recommendation for infants. In summary, the ICFI scores are (i) breastfeeding (whether or not the mother is currently breastfeeding her child); (ii) use of a baby bottle in the previous 24 h (yes or no); (iii) dietary diversity (whether or not the child received foods from each food group in the previous 24 h); (iv) meal frequency (how many times the child was offered solid or semi-solid foods in the previous 24 h; and (v) food frequency (how many days the child received meat, fruits, vegetables and beans in the previous 7 days). The scoring system assigns a score of 0 for a potentially harmful practice (one that does not meet the recommendation) and a score of 1 for a positive practice (one that meets the recommendation). Practices considered particularly important at a given age (such as breastfeeding at 6 months of age and offering meat as part of complementary feeding at 6 and 12 months of age) receive a score of 2. Thus, the composite ICFI score can range from 0 to 12.
Some modifications were made to the ICFI food classification system to align with Brazilian recommendations (16) . For dietary diversity score, milk was not included in both ages because, in Brazil, it replaces breast milk and is associated with a high frequency of baby bottles. For food-frequency score, fruit and vegetables were included in both ages because of Step 7, which recommends that families provide a daily intake of different fruits and vegetables. Regarding the meal frequency score, a meal was defined as including at least three of the following food groups: fruits/vegetables, cereals/grains/tubers, beans and meat (red meat, chicken, fish, pork or eggs).
Statistical analysis
The sample size, as initially recruited for the trial, was chosen with the aim of detecting an impact of the intervention on the duration of exclusive breastfeeding. Six hundred mother-child pairs were estimated to detect a 40% frequency of exclusive breastfeeding up to 4 months of age in the intervention group (17) , a 25% frequency in the control group (90% power and a of 0.5) and a design effect of 1.5. The recruitment of 720 pregnant women was estimated to attain the sample size and to account for an expected loss of 20%. The effect of the intervention on infant feeding practices at 6 and 12 months (according to the ICFI) was evaluated using the generalised estimation equation (GEE) model, adjusted for cluster with robust variance and Poisson distribution. The variables were described as percentages or averages and SDs. To quantify the intervention, relative risks (RR) and the respective 95% confidence intervals (95% CI) were calculated. We performed an additional analysis at 12 months to confirm whether the infants, who were followed up during the first year (as recommended by the Brazilian Ministry of Health, with ≥7 appointments), showed any improvement in feeding practices in the intervention group. The GEE (adjusted for cluster) was used to assess the effect of the intervention on IFCI scores, in accordance with the number of appointments completed by 12 months of age.
The second main outcome analysed by the present study was the introduction of nonrecommended foods during the first year of life. Survival analysis was carried out according to the age (in months) at which nonrecommended foods were introduced in each group. Chisquared tests were performed to compare the categorical variables. The Kruskal-Wallis test (abnormally distributed variables) or Student's t test were used to compare continuous variables between groups. All statistical analyses were performed using the SPSS, version 16.0 (SPSS Inc., Chicago, IL USA). P < 0.05 was considered statistically significant.
Ethics
The present study was approved by the Ethics Committee of Federal University of Health Sciences in Porto Alegre (number 545/07) and the Ethics Committee of Porto Alegre municipal government and was registered at the ClinicalTrials.gov website under identification number NCT00635453. The mothers provided informed consent on behalf of their children.
Results
Of the 715 pregnant women who registered initially, 633 of their children were collected in the study at 6 months of age (loss = 11.4%) and 545 infants at 12 months of age (loss = 13.9%) were visited at home. No adverse events were reported during the intervention. The causes of sample loss included a refusal to participate in the study, death of the child or mother, or moving to another city (Fig. 1) . For the purposes of the present study, children with genetic diseases and incomplete dietary data were excluded from the analyses. Therefore, ICFI outcomes were available for 617 children (317 in the intervention group and 300 in the control group) at 6 months and 516 children (274 intervention/242 control) at 12 months of age.
The children's baseline characteristics were similar in both the intervention and control groups (P > 0.05) ( Table 1 ). Over half of the children were male (52.5%; n = 325). Overall, the ages of mothers varied from 12 to 44 years [mean (SD) = 25.4 (6.7)] and 20.7% (n = 148) were under 20 years of age at the child's birth. Thirty percent (n = 220) of the mothers had 8 years or less of schooling and 75.5% (n = 381) of the families had a monthly income of less than three times the national minimum wage (approximately US$ 565.00/month).
The effect of the intervention on infant feeding practices is presented in Table 2 . Infants from the intervention group had a significantly higher mean (SD) ICFI score compared to those in the control group [7.0 (2.3) versus 6.3 (2.2); MD = 0.22; 95% CI = 0.24-1.11] at 6 months of age. Regarding the components of the ICFI, the prevalence of children who ate meat (36.6% versus 22.3%; RR = 1.63; 95% CI = 1.30-2.01) four or more times a week was higher in the intervention group compared to the control group. The percentage of children who received fruits ̸ vegetables was higher in the intervention group, although the difference was not statistically significant (69.4% versus 61%; RR = 1.13; 95% CI = 0.97-1.33). In an additional analysis, the prevalence of children who achieved the recommended score for food frequency was significantly higher in the 
1. Breastfeeding Prevalence of children who met the consumption recommendations past 7 days for fruits, vegetables, meat and beans.
intervention group (37.2% versus 27%; RR = 1.37; 95% CI = 1.09-1.74). At 12 months of age, a complementary analysis showed that infants in the intervention group who had more follow-up appointments during the first year of life had a higher mean (SD) ICFI score [8.9 (1.81) versus 8.4 (1.76); MD = 0.23; 95% CI = À0.35 to 0.56] dietary diversity score (81.1% versus 73.2% RR = 1.11; 95% CI = 1.01-1.22) and meal frequency score (22.9% versus 4.9%; RR = 4.68; 95% CI = 1.34-16.36). The difference was not statistically significant in the control group.
As a secondary outcome, it was observed that the introduction of the following nonrecommended foods was delayed during the first year for the children in the intervention group compared to those in the control group: added sugar (Fig. 2 and Table 3 ).
Discussion
The findings of the present study showed that healthcare worker training in primary health care, based on the Figure 2 Survival curves of the age (in months) at which the following nonrecommended foods were introduced: added sugar, tea, jelly and filled cookies (comparison between the intervention and control groups).
national guideline 'Ten Steps for Healthy Feeding for Brazilian Children from Birth to Two Years of Age' policy, resulted in a significantly higher score for the Infant and Child Feeding Index (ICFI) in the first year of life.
The ICFI (which uses a maximum score of 12 points) summarises healthy eating guidelines for children in the first 2 years of life. A higher score indicates a better quality of eating practices, which mainly include breastfeeding, bottle feeding, food groups and food diversity (20) . There is evidence that the ICFI score is positively correlated with infant nutritional status in underprivileged population groups (22) (23) (24) . However, the use of the ICFI to measure the impact of an intervention programme on children's eating practices has only been reported by Zhang (25) , with adaptations according to recommendations for Chinese children. Higher ICFI scores were observed for the intervention group at all ages, as evaluated between 6 and 18 months. The study did not provide details on the components responsible for the higher scores, although the guidelines were reinforced by training the professionals with respect to conducting home visits.
Our results showed higher scores for the intervention group at 6 months of age, with values ranging from 7.01 to 12. In general, there was a deficiency in all five components considered by the ICFI, even in the intervention group. However, the most significant result was the higher frequency of meat consumption. This result can be explained by the emphasis given in the health professional training to the high prevalence of anaemia in children under 2 years of age in Brazil (26) and the technical information provided regarding the bioavailability of iron from meat, as well as the recommendation that meat should be introduced to children as early as 6 months of age (27) . The national qualitative research that formed the basis for developing the Ten Steps showed that mothers introduced meat to their children later in that they considered it inappropriate for infants under 10 months of age because meat was difficult for babies to chew and digest (21) . As a hypothesis, we also consider that the information given to the health professionals with respect to beans and beets (which are usually known to mothers as a good source of iron for preventing anaemia) having a low iron bioavailability helped to disseminate the importance of infant meat consumption among the families.
It was observed that vegetable and fruit consumption at 6 months of age led to an almost 10% increase in the prevalence of children in the intervention group who consumed them more than four times in the previous 7 days. However, this was not significant. Nevertheless, the relevance of this result is emphasised because there is evidence that populations of low socio-economic status consume these food groups less frequently than others (28) as a result of limited access and higher costs (29) . The ICFI scores did not differ between the control and intervention groups at 12 months of age. Accordingly, to understand this result, we performed complementary analyses that separated the groups according to the frequency at which the children were taken to the health clinics for follow-up visits in the first year of life. The Brazilian guidelines recommend that children have a minimum of seven appointments during this period. Thus, we observed that the ICFI score was higher for children in the intervention group who had sufficient follow-up [8.9 (1.81)] compared to those who had less than seven visits [8.4 (1.76)]. This difference was not observed in the control group. Thus, studies in different countries, where socio-economic development is similar to Brazil, show that training health professionals is effective with respect to positively changing maternal attitudes and practices regarding breastfeeding and complementary feeding (30) (31) (32) (33) . Nevertheless, policies are needed to ensure that children are monitored at health clinics so that mothers are counselled effectively.
As a secondary outcome, the present study evaluated the effect of intervention on the timing of introducing unhealthy foods in the first 6 months of a child's life. The training on this topic that was provided to the health professionals in the present study was effective with respect to delaying the introduction of unhealthy foods in the first months of life. However, the frequent early introduction of these foods to children in the first year of life stands out, as well as the impact on the intervention group, which is increasingly distant from dietary recommendations. Furthermore, there was no difference between the groups for many foods, suggesting that this population has a strong cultural tendency to prematurely offer children unhealthy foods. The consumption of these foods in various developing countries is alarming (34, 35) , given that their premature and excessive consumption is associated with dyslipidaemia (36) , hyperthyroidism (37) , a higher incidence of dental caries (38) and a tendency for being overweight in children (39, 40) . Thus, these results highlight the importance of implementing urgent and more effective public nutrition policies that address the risks of prematurely introducing added sugar and junk food to infants in the first year of life.
The present study has some strengths that justify discussion. First, the randomised design was robust and many confounding factors were taken into account. Second, the statistical analyses considered grouping effects to minimise type I errors.
Some potential limitations should also be discussed. Primarily, our results cannot be generalised to large populations because we included only children from lowincome groups. Second, the study did not evaluate the cause and effect relationships of health professionals actions because data on outcomes were not obtained directly after the children attended the health units. Furthermore, we emphasise that the present study was designed to investigate the eating practices of the population within the areas where the health units were located, without interfering with their routine services and childcare logistics. Finally, there was no evaluation of nutritional knowledge among pregnant women. On the other hand, the present study was a randomised trial, with both groups (intervention and control) being balanced with respect to all aspects that could interfere in the outcome.
The findings of the present study suggest that a lowcost and sustainable intervention in a primary care setting can be effective with respect to promoting better feeding practices according to the ICFI and delaying the introduction of unhealthy foods during the first year of life in children from low-income families. Further interventions are needed to determine whether the beneficial effects of the intervention evaluated in the present study persist over a longer period.
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